The contribution of central command to the peripheral vasoconstrictor response during exercise 21 has been investigated using primarily handgrip exercise. The purpose of the present study was to 22 compare muscle sympathetic nerve activity (MSNA) responses during passive (involuntary) and 23 active (voluntary) zeroload cycling to gain insight into the effects of central command on 24 sympathetic outflow during dynamic exercise. Hemodynamic measurements and contralateral 25 leg MSNA (microneurography) were collected in eighteen young healthy participants at rest and 26 during 2 minutes of passive and active zeroload one-legged cycling. Arterial baroreflex control 27 of MSNA burst occurrence and burst area were calculated separately in the time-domain. Blood 28 pressure and stroke volume increased during exercise (p<0.0001) but were not different between 29 passive and active cycling (p>0.05). In contrast, heart rate, cardiac output, and total vascular 30 conductance were all greater during the first and second minute of active cycling (p<0.001).
Introduction 65
The existence of a feedforward central mechanism involved in regulating the neural response in 66 anticipation of exercise has been known for over 100 years (23) . In contrast, the involvement of 67 these higher brain regions, termed central command, during exercise has been more difficult to 68 isolate due to the concomitant influence of peripheral afferent reflexes (i.e. exercise pressor 69 reflex, baroreflexes, chemoreflex) (12). To date, the methods used to quantify the neural min. Subsequently, participants completed a 2 min baseline followed by 2 min of passive cycling 134 during which an investigator moved the right leg through the cycling motion at 50 revolutions 135 per min. Investigators provided verbal reminders to all participants to avoid muscle contraction 136 or aid in any way during the passive cycling motion. Participants were given an 8-10 min 137 recovery period to allow for all hemodynamic and neural variables to return to baseline after 138 which they completed another 2 min baseline followed by 2 min of active zeroload cycling at 50 139 revolutions per min. increases in response to an end-expiration breath hold and lack of responsiveness to unexpected 158 clapping. We have demonstrated previously the ability to collect and maintain 159 microneurographic recordings during low-to-moderate intensity one-legged cycling (33). To Spontaneous cardiac baroreflex sensitivity (BRS) was determined at rest and during each 175 two minute exercise period using the sequence technique (LabChart v8, ADInstruments Inc, 176 Australia). In brief, we identified three consecutive and concurrent increases or decreases in 177 systolic blood pressure and R-R interval with minimum threshold changes of 1 mmHg and 6 ms, 178 respectively (36). A zero lag between systolic blood pressure and R-R interval was used for heart rate lower than 75 bpm, while a 1 beat lag was used for heart rates greater than 75 bpm (9).
180
Previous analysis has shown that lag parameters can impact the number of identified sequences 181 but produce comparable cardiac BRS (9). All sequences were carefully reviewed and cardiac To confirm that the use of all slopes did not confound our data, we also examined only slopes 201 with an r value ≥ 0.5, and observed that the interpretation of results was unchanged.
Statistical analysis 203
The change in hemodynamic and neural variables during the first and second minute of passive 204 and active zeroload cycling were compared using two-way repeated measures analysis of 205 variance (ANOVA) (GraphPad Software Inc., USA). Significant main effects and interactions 206 were probed using Bonferroni post hoc tests to assess differences between means. Two-way 207 repeated measures ANOVAs were used to also examine the changes in cardiac and sympathetic 208 BRS during passive and active cycling. Paired t tests were used to compare the two baseline 209 periods. To probe the effects of participant fitness, the median percent predicted peak VO 2 was 210 calculated for men and women separately (to ensure equal balance in the groups). The baseline 211 characteristics between normal and high fitness groups were assessed with unpaired t tests.
212
Significance was considered p<0.05 and all data are presented as mean ± SD unless otherwise 213 stated.
215

Results
216
We recruited 25 participants to complete the study, however, two participants were excluded due 217 to the inability to locate a microneurographic recording site at baseline and five were excluded 218 due to the inability to maintain microneurographic recordings during voluntary exercise periods.
219
Baseline characteristics of participants with complete MSNA data (n=18; 9 men) are presented in 220 Table 1 . Representative 30 second MSNA recordings from one participant at rest and during 221 passive and active zeroload one-legged cycling are shown in Figure 1 .
222
As expected, the absolute resting levels of all variables were similar during passive and 223 active baseline periods (All p>0.05), though heart rate was elevated slightly during the active 224 baseline (62 ± 11 vs. 64 ± 11 bpm, p=0.007). The effects of passive and active zeroload cycling volume, and respiration depth increased during exercise (time effect, p<0.0001) but were not 227 different between passive and active cycling modes (p>0.05). In contrast, the increases in heart 228 rate, cardiac output, total vascular conductance, and respiration rate were all greater during the 229 first and second minute of active zeroload cycling (All p<0.01). MSNA burst frequency and 230 incidence decreased during passive and active zeroload cycling (time effect, p<0.0001) but no 231 differences were detected between exercise modes (Both p>0.05; Figure 2 ). However, the 232 reductions in total MSNA were attenuated during the first (p<0.0001) and second (p<0.001) 233 minute of active zeroload cycling ( Figure 2 ). MSNA burst amplitude was also higher during the 234 first (p<0.05) and second (p<0.01) minute of active zeroload cycling ( Figure 2 ).
235
Cardiac BRS was similar between baseline periods (17 ± 9 vs. 15 ± 5 ms/mmHg, p>0.05) 236 but lower during active compared to passive cycling (17 ± 9 vs. 11 ± 5 ms/mmHg, p=0.0002). 
Effects of fitness 242
Eight individuals (4 men) were allocated to the normal fitness group and 10 participants 243 (5 men) were in the high fitness group. Age and height were matched between the groups (Both 244 p>0.05), although body weight (61 ±10 vs. 71 ± 11 kg, p = 0.05), body-mass index (21 ± 2 vs. 24 245 ± 2 kg/m 2 ), relative peak VO 2 (2.8 ± 1.0 vs. 4.2 ± 1.0 L/min), and predicted peak VO 2 (99 ± 11 246 vs. 150 ± 13%) were all higher in the high fitness group (All p<0.01). Resting blood pressure 247 was similar between groups (Both p>0.05; data not shown) though the high fitness group had a 248 trend for lower resting HR (66 ± 12 vs. 58 ± 7 bpm, p=0.08). Resting MSNA burst frequency and incidence were similar between normal and high groups (Both p>0.05; data not shown). Mean 250 group changes in hemodynamic and MSNA variables during passive and active zeroload cycling 251 are presented in Table 3 . There were no between-group differences in blood pressure, stroke 252 volume, cardiac output, or respiratory responses (All p>0.05), while increases in heart rate 253 (p<0.002) and total vascular conductance (p=0.06) during active cycling were (or tended to be) 254 larger in the high fitness group. There were no significant group or interaction effects detected 255 for MSNA burst frequency, burst incidence, total MSNA, burst amplitude, or sympathetic BRS contribute to the modulation of sympathetic BRS. It has been reported that head-down tilt or 321 saline infusion, stimuli that both increased central venous pressure by ~2 mmHg, reduced 322 sympathetic but not cardiac BRS; though both loading conditions also increased systolic blood 323 pressure (7). However, given that blood pressure and stroke volume responses were similar 324 between passive and active conditions, cardiac BRS was attenuated during active cycling, and 325 the mild intensity of our one-legged cycling model, we do not believe that differences in loading 326 conditions contributed to our results. Nevertheless, future studies are needed to examine the 327 interaction between central command and the cardiopulmonary baroreflex on sympathetic BRS. 
